Abstract: Recyclable materials can be referred to as both those materials directly recycled from wastes and those derived from any kind of transformation before use. Highly water repellent coatings with wettability properties, known as superhydrophobic (SH), are related to surfaces with contact angles above 150 • and a very small hysteresis. The small area available for these surfaces when in contact with water can be exploited in many applications in which interactions with an aqueous environment are usually desirable to be avoided, like for protection and friction reduction in a marine environment. SH coatings under investigation have been prepared starting from recyclable materials with the aim to provide a sustainable and low cost solution, with potential application to large surfaces in a marine environment. Wetting studies, surface characterization, and electrochemical tests show how these surfaces can be used in terms of fouling prevention and the protection of metals in underwater conditions.
Introduction
Protecting metals from corrosion by means of superhydrophobic (SH) coatings can be regarded as a promising technological breakthrough, because of the reduced area available for water in contact with solid, allowing metal substrates' interactions with aqueous corrosive species to be minimized, providing superior anticorrosive performances. Among the preparation methods proposed, most are not suitable for larger surfaces, being only laboratory-scaled and not yet of potential interest for real applications. This limitation mainly lies in the complexity of hierarchical micro/nanostructures and costs of low surface energy materials and, from another side, their lifetime, which allows long-lasting corrosion resistance [1] . On the basis of the lotus leaf effect, nevertheless, the preparation of an SH surface has, in some case, the advantages of being a low cost solution and having the potential to be scaled-up for use over different substrates. The research on repellent materials for water and aqueous electrolytes solutions focuses on hydrophobicity and superhydrophobicity as key parameters for anti-icing, bio-corrosion, and fouling control [2] .
The recent method of Huang et al. [3] deals with the preparation of an SH composite coating involving styrene copolymers, methyl methacrylate, and silica nanoparticles, previously modified with hexamethyldisilazane. The presence of silica coupled with low cost materials makes this procedure suitable for the large-scale fabrication of SH coatings for metal protection. Electrochemical and wettability studies investigated the corrosion resistance of a multi-layer composite SH coating on carbon steel in sterilized seawater composed of Ni-P, TiO 2 /ZnO, and octadecyltrimethoxysilane (ODS) molecules. Electrochemical impedance spectroscopy (EIS) and polarization curves showed the efficiency of a bi-layer or three-layer composite coating on carbon steel in improving the corrosion resistance in sterilized seawater [4] .
An SH composite coating with high adhesion strength was employed to enhance for both heat dissipation and anti-corrosion. Plasma electrolytic oxidation followed by electrodeposition resulted in an Al 2 O 3 /cerium hexadecanoate (Al 2 O 3 /CH) system with excellent water repelling and self-cleaning ability, owing to the micro/nano structure and low surface energy. The composite coating enhances the corrosion potential of pure Al, lowering the corrosion current density by two orders of magnitude, and drops the operation temperature of a lamp by almost ten degrees [5] .
Metal corrosion in industrial fields, like in desalination and crude oil pipelines, ship building, heat exchangers, and so on, implies high service and maintenance costs [6] ; nevertheless, as in the following, many works on corrosion resistance are usually based on experiments in NaCl solutions only and for short periods considering the potential time scale to which they should have to be exposed to.
In the work of [7] , an innovative SH system using an electroplating method has been introduced as a high corrosion resistance solution in an industrial environment. On the basis of inherently corrosion resistant Zn−Ni and Zn−Co alloys, the coating kept its properties after immersion into a NaCl solution for 48 h in comparison with SH NiO/ZnO and ZnO coatings, which lost the superhydrophobicity, demonstrating high corrosion potential and low corrosion density.
The research on easy and low budget fluorine-free anticorrosion SH surfaces for Al materials is still a challenge for service performance and safety. In this direction, a facile preparation of non-fluorinated Allium giganteum-like SH aluminium surfaces via a one-step electro-deposition approach was proposed in the work of [8] , providing, beyond surface analysis and wettability, electrochemical impedance study to reveal the corrosion resistance and inhibition efficiency, in both air and 3.5 wt.% NaCl immersion tests, but in a quite short observation time window.
Another simple, but efficient solution with a longer test time has been proposed in the work of [9] , where an SH coating was prepared by modifying a previously treated surface by stearic acid using the boiling water method. Electrochemical coating characterization was carried out by potentiodynamic polarization, and long-term corrosion tests were performed by immersion in NaCl solution for three months, after which a fair superhydrophobicity was maintained.
A perfluorodecyltrichlorosilane modifier (FAS) was employed in the work of [10] to hydrophobize at a low cost the micro/nano structures prepared on 5A05 Al alloy by a facile one-step immersion process. In this work, the ease of the method is claimed to be promising for applications in an ocean environment; although they have been carried out in an NaCl solution only, the stability has not been proven over a suitable length of time.
One of the most recent trends in corrosion protection is presented in the work of [11] . It consists of an underwater superoleophobic system (HN/ER-coating) based on MPS (methacryloxy propyl trimethoxyl silane)-SiO 2 /PNIPAM (N-isopropylacryamide) hybrid nanoparticles and epoxy resin (ER) and has been proposed using a simple solution-casting method. The robustness of this solution has been tested under different conditions covering harsh environments or bacterial biofilm formation resulting in good performance, but again at short time scale (less than one week) for potential practical applications.
In the work of [12] , the combination of an inhibitor agent and a hydrophobizing agent (cerium chloride and myristic acid, respectively) has been applied to provide an SH solution against corrosion in pipeline systems. Here, seawater is considered as an artificial mixture of NaCl and tannic acid solutions, where the carbon steel samples have been characterized in a month time window, demonstrating an improved corrosion resistance of the coated over the uncoated sample, despite an increasing weight loss with time.
In a recent work [13] , a series of SH nanocomposites were prepared by solution casting using different amounts of nano-magnetite fillers, aiming to prepare a foul release (FR) paint. The samples have been tested over a longer period of time (three months) in real seawater, as well as with the assessment of growth inhibition of microorganisms like diatoms. To the best of our knowledge, only few reference data are available [7, [14] [15] [16] about superhydrophobic surfaces in real seawater environments in a time window greater than days. Furthermore, in these works, no recyclable materials have been used. Only recently have superhydrophobic properties from recyclable materials been under investigation, but not as of yet in marine environments; moreover, such materials require an additional final functionalization to improve hydrophobicity [17] [18] [19] .
Following this purpose, a study of SH coatings tested in natural seawater is presented here. In particular, a low cost procedure starting from hydrophobic recyclable materials like polystyrene (PS) and polytetrafluoroethylene (PTFE) and green solvent to produce a coating with SH behaviour by the spray technique on Al substrate and glass is evaluated in terms of exposition in shallow natural seawater for a period up to two months. The combination of the PTFE chemical inertia and low surface energy and friction coefficient with the barely hydrophobic, but large availability of PS results in a sustainable highly hydrophobic solution for fouling and corrosion control purpose in a real marine environment.
Materials and Methods

Materials and Surface Characterization
The superhydrophobic coating was prepared based on a polytetrafluoroethylene (PTFE)-polystyrene (PS) dispersion in Ethyl Acetate (EtOAc). PS (surface tension of 40 mN/m) was obtained from recycled commercial packaging and ethyl acetate (EtOAc) and PTFE (surface tension of 20 mN/m) was purchased by Sigma-Aldrich (St. Louis, MO, USA). High purity grade water, produced by a MilliQ (Milli-Pore, Elix plus Milli-Q, Burlington, VT, USA) ion-exchange purifier with microfiltration stage (18 MΩ cm), was utilised for contact angle (CA) measurements. Pure water surface tension was measured by a PAT-1 tensiometer (Sinterface, Berlin, Germany) at 20 • C stable for several hours at 72.5 ± 0.2 mN/m. The use of EtOAc as "green solvent" is not intended as a recycled material, but as a very low toxicity solvent in line with the general overview of the project to produce highly performance materials from sustainable and environmental friendly substances.
The superhydrophobic surface was produced by spray coating the PTFE-PS dispersion at room temperature and atmospheric conditions on a suitable substrate. For the purpose of this study, glass was used as a substrate (owing to its inertia with respect to the performed test) in the first campaign, and commercial aluminium alloy 5754 H111 (Al-5% Mg alloy) was used for the second campaign, as already done in our previous work with different SH coating composition and surface morphology not coming from recyclable materials [20] . More details regarding the first and second campaigns are provided successively.
For both campaigns, no primer was used, in order to observe the adhesion of the coatings under the stress imposed by the biology without the interfering substrate, but probably enhancing the adhesion and performance. In order to evaluate the wetting behaviour of the samples, before and after the immersion test, contact angle (CA) was acquired using an ASTRA view tensiometer (developed at CNR-ICMATE, Genoa, Italy [21] ) at room temperature. The CA was measured in at least three different points of the surface. The samples' surface was furthermore characterised before and after test by different techniques; namely, scanning electron microscopy (SEM) (LEO 1450VP, LEO Electron Microscopy Ltd., Cambridge, UK), light optical microscopy (LOM) (Zeiss-AXIO), and 3D confocal and interferometric profilometry (Sensofar S-NEOX, Barcelona, Spain). The 3D profilometry was chosen to obtain surface parameters for its ease of use and because it allows larger surface scans. The surface characterisation by profilometry was done according to the standard ISO 25178 [22] .
In particular, for this study, surface roughness (Sa), an amplitude parameter, and void volume (Vv), a functional parameter, were investigated. Sa is a very general and commonly used parameter in practical applications and is given in nm or µm, Vv instead is not commonly used in association with the surface study regarding wettability. Vv is related to the distribution of heights and its cumulated curve (called the Abbott-Firestone curve), and is aimed at characterizing the functional behaviour of the surface, such as wear, lubrication, and contact. This parameter is the volume of the voids at a material ratio p (in %) and is given in µm 3 /µm 2 . In Figure 1 , the Abbott-Firestone curve is presented with all parameters related to the volume, included the void volume (Vv). This parameter was considered because of its nature, being related to the concept of entrapped air, describing the superhydrophobicity (Cassie-Baxter model [23, 24] ), which is connected to the biofouling control of immersed SHS.
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Exposure Environments and Exposition
Immersion tests were conducted in the sea marine station of ICMATE CNR in Bonassola (80 km east Genoa in Italy, Mediterranean Sea). The investigations were performed in summer/autumn in two different campaigns.
The immersion environments were 200 L mesocosm exposed to the natural photoperiod fed with circulating natural seawater as slowly as to reduce the convection to a minimum (5 L/min). During the investigated period, the water temperature ranged from 22 °C at the beginning, progressively dropping to 20 °C near the end of the exposition period.
In both campaigns, the samples were immersed at the depth of about 10 cm with an angle of 180° (coating face down with respect to the solar irradiation). This angle was chosen after the results were obtained from the test performed in the previous campaign on the fluoropolymer coating [24] . During the whole investigation period, macroscopic images of the superhydrophobic (SH) surfaces were taken with at a weekly periodicity with a Nikon D800 camera (Nikon Corporation, Tokyo, Japan). A mirror was used to photograph surfaces while leaving the samples undisturbed in their initial position.
The first campaign, divided into two summer-autumn sessions, was done with the aim to study the behaviour of new SH coatings against fouling colonization.
To study the fouling growth, the samples, in both sessions, were immersed in natural seawater exposed to sunlight for 28 days-a period already tested in our previous work [25] , long enough to observe biofouling growth and coating degradation.
The purpose of this test was also the study of the degree of biofouling coverage in relation to the surface roughness of the coatings. From the test performed in our previous work [16] , fouling growth was limited by the gases entrapped in the SHS, dissolved gases coming from the presence of biology and living systems, that is, O2 and CO2. In particular, with time, these gases tend to coalesce in bubbles. During the first session, the immersed samples were photographed after 10 and 20 days, and after extraction and cleaning after 28 days. The samples' observation during the immersion was important because it allowed us to see the extension of the bubbles and their time evolution. The second session, performed on the same SH PS/PTFE coating, was done in autumn to deepen and confirm the trend observed in summer.
The second summer-autumn campaign on SH PS/PTFE, lasting two months, was carried out with the aim to preliminarily evaluate the new SH coating anti-corrosion behaviour. All the samples (SHa, SHb, SHc) used in this test were prepared with the same protocol with an average roughness of 6.5 μm. At the same time, the bubbles' coalescence evolution under immersion conditions was periodically monitored (Figure 2 ). 
The immersion environments were 200 L mesocosm exposed to the natural photoperiod fed with circulating natural seawater as slowly as to reduce the convection to a minimum (5 L/min). During the investigated period, the water temperature ranged from 22 • C at the beginning, progressively dropping to 20 • C near the end of the exposition period.
In both campaigns, the samples were immersed at the depth of about 10 cm with an angle of 180 • (coating face down with respect to the solar irradiation). This angle was chosen after the results were obtained from the test performed in the previous campaign on the fluoropolymer coating [24] . During the whole investigation period, macroscopic images of the superhydrophobic (SH) surfaces were taken with at a weekly periodicity with a Nikon D800 camera (Nikon Corporation, Tokyo, Japan). A mirror was used to photograph surfaces while leaving the samples undisturbed in their initial position.
The purpose of this test was also the study of the degree of biofouling coverage in relation to the surface roughness of the coatings. From the test performed in our previous work [16] , fouling growth was limited by the gases entrapped in the SHS, dissolved gases coming from the presence of biology and living systems, that is, O 2 and CO 2 . In particular, with time, these gases tend to coalesce in bubbles. During the first session, the immersed samples were photographed after 10 and 20 days, and after extraction and cleaning after 28 days. The samples' observation during the immersion was important because it allowed us to see the extension of the bubbles and their time evolution. The second session, performed on the same SH PS/PTFE coating, was done in autumn to deepen and confirm the trend observed in summer.
The second summer-autumn campaign on SH PS/PTFE, lasting two months, was carried out with the aim to preliminarily evaluate the new SH coating anti-corrosion behaviour. All the samples (SHa, SHb, SHc) used in this test were prepared with the same protocol with an average roughness of 6.5 µm. 
Potentiodynamic Test
Potentiodynamic scans were performed at the end of the second campaign on Al alloy samples (2 cm × 2 cm) coated with SH coating (SHa, SHb, SHc) and on a bare Al alloy sample as a control. Electrodes were embedded into epoxy resin, making only the functionalized (metal and coating) surface available for seawater interaction. The SH coated electrodes were bound onto a plastic holder such that the SH surface was turned to the bottom of the tank. A couple of samples without the SH coating as controls were placed too.
Polarization sweeps were performed on the samples in natural seawater mesocosms after 60 days of immersion, reading the current at the end of 20 s steps of 10 mV, thus resulting in a 0.5 mV/s scan speed. The reference electrode (Ref.) was Ag/AgCl and the counter electrode was Pt.
Results
Surface Characterization
Before the immersion test, each prepared sample was characterized by drop shape tensiometry to obtain the contact angle, and by 3D confocal and interferometric profilometry to measure the surface roughness. These measurements revealed that every sample was superhydrophobic, with CA greater than 150° and hysteresis less than 5°, and such properties were found in a large range of roughness, as reported in Figure 3 . The surface roughness of each samples was acquired before and after the immersion test. At the end of the test, Sa was measured only on the portion of coating without fouling to study the wear of the SH coating. As an example, in Figure 4 , profilometer images of a sample used for the corrosion campaign are reported. Before immersion, Sa was 6.5 ± 0.2 μm; after extraction and weak pressure cleaning, Sa was 5.9 ± 0.2 μm. Furthermore, the portions of coating under the bubbles and after polarization test remain superhydrophobic with CA greater than 150° and hysteresis less than 5° despite of the slight change in roughness. 
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Fouling Control Properties
The fouling control properties were studied during two different immersions in summertime and samples were photographed three times; that is, after 10 and 20 days during the immersion, and after 28 days when they were extracted and cleaned. In general, after 28 days of immersion, a soft and non-homogeneous fouling layer was grown on all immersed samples. In Figure 5 , images of all immersed samples after 10 days are reported. It is possible to observe the different extension of the bubbles with respect to the roughness difference: in particular, the higher the Sa, the larger the bubble extension. Analysing the system, Sa seems to be directly correlated to the bubble volume. During these tests, a cleaned glass as a reference was immersed. In Figure 6 , the control and SH sample are reported after 10 days of immersion. From Figure 6 , it is possible to observe that, also under the glass control, numerous bubbles developed, but with differences in number and dimensions. Here, they were very small and circular, while on the SHS bubbles, they were larger and oblate. In particular, the lateral view evidenced 
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The fouling control properties were studied during two different immersions in summertime and samples were photographed three times; that is, after 10 and 20 days during the immersion, and after 28 days when they were extracted and cleaned. In general, after 28 days of immersion, a soft and non-homogeneous fouling layer was grown on all immersed samples. In Figure 5 , images of all immersed samples after 10 days are reported. It is possible to observe the different extension of the bubbles with respect to the roughness difference: in particular, the higher the Sa, the larger the bubble extension. Analysing the system, Sa seems to be directly correlated to the bubble volume. During these tests, a cleaned glass as a reference was immersed. In Figure 6 , the control and SH sample are reported after 10 days of immersion. From Figure 6 , it is possible to observe that, also under the glass control, numerous bubbles developed, but with differences in number and dimensions. Here, they were very small and circular, while on the SHS bubbles, they were larger and oblate. In particular, the lateral view evidenced It is possible to observe the different extension of the bubbles with respect to the roughness difference: in particular, the higher the Sa, the larger the bubble extension. Analysing the system, Sa seems to be directly correlated to the bubble volume. During these tests, a cleaned glass as a reference was immersed. In Figure 6 , the control and SH sample are reported after 10 days of immersion.
From Figure 6 , it is possible to observe that, also under the glass control, numerous bubbles developed, but with differences in number and dimensions. Here, they were very small and circular, while on the SHS bubbles, they were larger and oblate. In particular, the lateral view evidenced differences between the bubbles in the two cases: under the glass control, they were perfectly round and the air prevented the glass surface from being wetted; whereas under the SHS, the bubbles were oblate and pinned at the surface, and air spreads on the SHS, with which it is in contact.
At the end of the campaign, the samples were extracted and half cleaned by weak water pressure. After cleaning, it was observed that, in the presence of bubbles, the surface appeared without visible macrofouling compared with those areas where they were absent or too small and those where biofouling has grown. CA measurements performed on the cleaned part of the coating revealed that the surface preserved its superhydrophobicity.
Other important observation was about the adhesion of the coating on the substrate. Where the coating was covered by biofouling and when it was cleaned, it was detached and carried away, leaving the glass surface. Conversely, where the bubble protected the surface from the fouling, the pressure of Coatings 2019, 9, 303 7 of 14 the water was not sufficient to remove the coating. These observations mean that the SH coating had a good adhesion with the glass substrate as long as it was not colonized by biofouling. Figure 5 . Pictures acquired at day 10 of immersion relative with different surface roughness: (A) Sa = 1.67 μm, (B) Sa =1.95 μm, (C) Sa = 2.92 μm. Scale bar under each sample is 10 mm.
It is possible to observe the different extension of the bubbles with respect to the roughness difference: in particular, the higher the Sa, the larger the bubble extension. Analysing the system, Sa seems to be directly correlated to the bubble volume. During these tests, a cleaned glass as a reference was immersed. In Figure 6 , the control and SH sample are reported after 10 days of immersion. From Figure 6 , it is possible to observe that, also under the glass control, numerous bubbles developed, but with differences in number and dimensions. Here, they were very small and circular, while on the SHS bubbles, they were larger and oblate. In particular, the lateral view evidenced Table A1 for supporting information). Session 2 was performed on different roughness superhydrophobic PS/PTFE samples to deepen and confirm the trend observed in the previous session. In Figure 7 , all samples on the 10th day of immersion and after extraction are reported.
Coatings 2019, 9, 303 7 of 14 differences between the bubbles in the two cases: under the glass control, they were perfectly round and the air prevented the glass surface from being wetted; whereas under the SHS, the bubbles were oblate and pinned at the surface, and air spreads on the SHS, with which it is in contact.
Other important observation was about the adhesion of the coating on the substrate. Where the coating was covered by biofouling and when it was cleaned, it was detached and carried away, leaving the glass surface. Conversely, where the bubble protected the surface from the fouling, the pressure of the water was not sufficient to remove the coating. These observations mean that the SH coating had a good adhesion with the glass substrate as long as it was not colonized by biofouling. Session 2 was performed on different roughness superhydrophobic PS/PTFE samples to deepen and confirm the trend observed in the previous session. In Figure 7 , all samples on the 10th day of immersion and after extraction are reported. On the left side of the Figure 7 , it is possible to observe the bubbles' volume, and it is evident that their extension increases with samples roughness. On the right side of the figure, samples after extraction are reported. Some of those present parts of the coating are not affected by biofouling. Comparing the images before and after extraction, it is possible to affirm that where a large bubble was present, biofouling growth was inhibited or delayed. On the left side of the Figure 7 , it is possible to observe the bubbles' volume, and it is evident that their extension increases with samples roughness. On the right side of the figure, samples after extraction are reported. Some of those present parts of the coating are not affected by biofouling. Comparing the images before and after extraction, it is possible to affirm that where a large bubble was present, biofouling growth was inhibited or delayed.
The evidence of fouling growth inhibition was investigated by optical microscopy and SEM analysis in order to evaluate the real foul control behaviour due to the presence of bubbles on samples at the end of the exposition. In Figure 8 , an LOM image at 5× and 20× of PS/PTFE sample is shown. At low magnification, it is already possible to distinguish the part of the sample that was covered by bubbles.
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The evidence of fouling growth inhibition was investigated by optical microscopy and SEM analysis in order to evaluate the real foul control behaviour due to the presence of bubbles on samples at the end of the exposition. In Figure 8 , an LOM image at 5× and 20× of PS/PTFE sample is shown. At low magnification, it is already possible to distinguish the part of the sample that was covered by bubbles. Figure 8 . Optical images at 5× and 20× of the immersed coating. The photos were taken in a part of coating that was under a bubble. In particular, the 20× image was taken on the edge of the bubble.
To understand if the coating was intact under the bubble, SEM observation was performed. Figure 9 was taken on a bubble edge, distinguishing two different zones: on the left part of the image, where the bubble was present, diatoms and biomaterial attachment were prevented, while they were present on the right-lower side of the picture. A similar observation was carried out by 3D profilometer, taking images on the bubble edge. In Figure 10 , it is possible to observe the presence of biofouling on the portion of the surface not covered by the bubble, instead of a clean surface where the bubble was present. Furthermore, an analysis on the clean part evidenced that there was not a significant loss of material in terms of Sa. To understand if the coating was intact under the bubble, SEM observation was performed. Figure 9 was taken on a bubble edge, distinguishing two different zones: on the left part of the image, where the bubble was present, diatoms and biomaterial attachment were prevented, while they were present on the right-lower side of the picture. The evidence of fouling growth inhibition was investigated by optical microscopy and SEM analysis in order to evaluate the real foul control behaviour due to the presence of bubbles on samples at the end of the exposition. In Figure 8 , an LOM image at 5× and 20× of PS/PTFE sample is shown. At low magnification, it is already possible to distinguish the part of the sample that was covered by bubbles. Figure 8 . Optical images at 5× and 20× of the immersed coating. The photos were taken in a part of coating that was under a bubble. In particular, the 20× image was taken on the edge of the bubble.
To understand if the coating was intact under the bubble, SEM observation was performed. Figure 9 was taken on a bubble edge, distinguishing two different zones: on the left part of the image, where the bubble was present, diatoms and biomaterial attachment were prevented, while they were present on the right-lower side of the picture. A similar observation was carried out by 3D profilometer, taking images on the bubble edge. In Figure 10 , it is possible to observe the presence of biofouling on the portion of the surface not covered by the bubble, instead of a clean surface where the bubble was present. Furthermore, an analysis on the clean part evidenced that there was not a significant loss of material in terms of Sa. A similar observation was carried out by 3D profilometer, taking images on the bubble edge. In Figure 10 , it is possible to observe the presence of biofouling on the portion of the surface not covered by the bubble, instead of a clean surface where the bubble was present. Furthermore, an analysis on the clean part evidenced that there was not a significant loss of material in terms of Sa.
To better understand the correlation between bubbles and biofouling inhibition, the percentage of the clean part was calculated on samples of both sessions. To obtain these results, image analysis already applied during our previous work [25] was used. The correlation was made between the data in the percentage of the clean part of the coating and void volume (Vv), a surface factor. This value was obtained from profilometric measurements and is measured in µm 3 /µm 2 (see the detailed explanation in methods).
In Figure 11 , the results about session 1 and 2 are reported. From Figure 11 , it is possible to observe that the percentage of the clean part increases with void volume in both sessions. To better understand the correlation between bubbles and biofouling inhibition, the percentage of the clean part was calculated on samples of both sessions. To obtain these results, image analysis already applied during our previous work [25] was used. The correlation was made between the data in the percentage of the clean part of the coating and void volume (Vv), a surface factor. This value was obtained from profilometric measurements and is measured in μm 3 /μm 2 (see the detailed explanation in methods).
In Figure 11 , the results about session 1 and 2 are reported. From Figure 11 , it is possible to observe that the percentage of the clean part increases with void volume in both sessions. 
Corrosion
In Figure 12 , the polarization curves of the SH electrodes achieved at the end of the two-month exposition period in natural seawater are depicted. To better understand the correlation between bubbles and biofouling inhibition, the percentage of the clean part was calculated on samples of both sessions. To obtain these results, image analysis already applied during our previous work [25] was used. The correlation was made between the data in the percentage of the clean part of the coating and void volume (Vv), a surface factor. This value was obtained from profilometric measurements and is measured in μm 3 /μm 2 (see the detailed explanation in methods).
In Figure 12 , the polarization curves of the SH electrodes achieved at the end of the two-month exposition period in natural seawater are depicted. 
In Figure 12 , the polarization curves of the SH electrodes achieved at the end of the two-month exposition period in natural seawater are depicted. Two behaviours can be distinguished. The first concerns the bare control, showing an E (i) curve featured by i corr and i pass ≈ 1 µA/cm −2 and an E pit − E corr passivity range broader than 300 mV, with E corr = −475 mV versus Ref. Please check if these are correct. and E pit = −128 mV versus Ref.
The second behaviour concerns the samples with SH treatment (SHb and SHc). Indeed, these samples exhibited lower i corr and i pass values and larger passivity potential range. With respect to control, i corr was lower by two orders of magnitude, while i pass was lower by about 1.5 orders of magnitude. Regarding the potential passivity range, it has to be taken into account that the scan was stopped before the onset of pitting related phenomena leading to the polarization current rise in correspondence of E pit . Although the upper limit was not detected in relation to the interruption of the polarization in correspondence of E int = 0 mV versus Ref, with E int < E pit , the passivity potential window was in any case larger than controls.
Observing the curves coming from the SH coated samples, one curve (SHa) fairly resembled the behaviour of the control, exhibiting E corr = −450 mV versus Ref., E pit = −157 mV versus Ref., i corr , and i pass ≈ 1 µA/cm −2 .
Discussion
Fouling and Bubble Formation
From these results, a possible bubble formation mechanism can be suggested. Under both surfaces (SHS and glass), the collected bubbles came from the seawater environment (gases dissolved in water), but the difference was that the SH coating was able to promote bubble nucleation and coalescence because of the presence of entrapped air between the asperity that characterized SHS. In fact, they are not adherent to the glass surface, as in the case of SH coatings.
These observations underline that the SH coating had a good adhesion with the glass substrate as long as it was not colonized by biofouling.
Despite a decrease of the roughness value, possibly owing to a slight loss of material, the water repellence of the coating remains unaltered (CA greater than 150 • and hysteresis less than 5 • ).
Microscope analysis confirms that fouling inhibition was correlated to the ability of the surface to nucleate and keep adhering bubbles; the more homogeneous and bigger the bubbles, the better the fouling control of the surface. This behaviour appears to be dependent on surface roughness (Sa).
As reported in Figure 11 , void volume seems to be a suitable parameter describing the extension of bubbles on the surfaces; this consideration is based on the fact that the void volume parameter indicates how much air would fill the surface (normalized to the measurement area) between the chosen material ratio values. The void volume measurements are derived from surface roughness parameter (Sa), as described in the work of [26] .
Indeed, an SHS with high Vv better controlled the fouling evolution because of more air being trapped and generating a bigger air bubble shield, inhibiting the fouling growth. The two series (session 1-red dots and session 2-blue dots) well describe the fouling removability, even with differences probably due to an unpredictable loss of material during the cleaning procedure (session 1). As working curves, they allow us to find a more quantitative fouling removal efficiency as a compromise between a more probable loss of the SH properties at larger Vv and the percentage of removed fouling.
Nevertheless, as discussed [20] , entrapped air is reduced in underwater conditions by the action of organic matter reaching the metal surface, with the result being the loss of the Cassie-Baxter state to the Wenzel state [27] .
Corrosion
The electrochemical parameters deduced from the polarization curves clearly indicate that the SH coating investigated here can control corrosion phenomena. In particular, referring to bare electrode with no SH coating (control), the backward shift in SHb and SHc curves of both the anodic and cathodic branches reveal a mixed control of the corrosion phenomena.
The decrease of the corrosion current density of about two orders of magnitude is a result comparable to literature data evidencing corrosion protecting performances of SH coatings [15, 27, 28] . It is known that the corrosion protection afforded by SH coatings depends on the combined action of the coating itself and the air plastron entrapped within the texture of the SH coating surface [29] [30] [31] . Some authors went inside this concern, evidencing the important role of trapped air as a dielectric inhibiting electron transfer between the electrolyte and the substrate [32] . This supplementary protection works as long as the air shield is present. In our case, the evidenced corrosion control included overall contributions of the coating and still resident bubbles. This result was achieved comparing by coated versus not coated electrodes tested at the end of the immersion time. For the future, additional information regarding the aging of the coating itself and the stability of the air plastron is needed. Indeed, both these components determine anticorrosion performances with complex mechanisms touching different connected variables, such as homogeneous/heterogeneous wetting degree of the interface; blockage of cathodic/anodic sites; and diffusion of crucial reactants such as Cl − , O 2 , and H + [32] [33] [34] , whose dependence on time enhancing biological pressure can be expected.
The particular case of the SHa polarization curve indicates that the SH coating was not efficient In fact, for this sample, SH coating defects at the electrode-resin interface were observed, causing the electrode to work as the bare reference.
With the aim of fouling and corrosion control, the long-term stability in seawater of an SH coating deserves particular attention; indeed, this medium is characterized by biological pressure, given by the biofouling processes, and mechanical stresses, induced by water pressure, which potentially have a large impact on the SH coatings' protection performances [27] .
Looking at the recent literature, the need to move towards real environment experimentation appears to be more and more evident. Previously cited authors' works, along with the works of [13, 30, 35, 36] , are precious in evidencing that SH coatings can be viewed as a promising and interesting solution for fouling and corrosion control, although results were obtained in model biological environments and in time windows less than a month. Concerning the approach to a real seawater environment, other authors [37, 38] obtained noteworthy foul control results in a time window greater than a month. Hydrodynamic effects were investigated in a model environment with bacteria and diatoms up to 10 days [38] . The cited author investigated a lubricant layer evidencing the antagonistic role of the flow rate, able to induce foul release, but, in turn, threatening the stability of the layer per se. The stimulus coming from this work, although not dealing with the SH coating, is to think about the shear stress as a factor removing the air bubbles, determining the efficiency of the protection and, in this case, threatening the stability of the coating.
In relation to these aspects, our corrosion and foul control results were obtained in a time window extended up to two months in a full natural seawater environment, featuring all the stages of the biofouling processes (starting from the formation of the molecular conditioning film at t < 1-12 h). Encouraging results obtained in conservative conditions consist of a 180 • turn of the SH surfaces with respect to sun facing and modest seawater turbulence, suggesting pushing further research efforts in testing the limits of SH performances environments with characteristics approaching those of the real seawater environments in which these coatings are actually demanded to work.
Conclusions
In this work, a sustainable solution for creating highly water repellent coatings with fouling control and anticorrosion properties in real seawater conditions was proposed. Starting from hydrophobic recyclable materials and utilizing a "green" solvent provides the potential for large-scale application of this option, owing to its low cost and ease to apply.
The results have shown that the superhydrophobicity can be obtained and maintained already at the micron scale with benefit towards the formation of a stable air plastron with the result of delaying the fouling formation and of an easy and high removability at a very low pressure.
The superhydrophobic coatings were applied on both glass and Al alloy substrate, and were tested in a real seawater environment with exposition up to two months, adopting conservative conditions consisting of a 180 • tilt of the SH surfaces with respect to sun facing and low convection. This procedure was selected in the view of the progressive addition of the variables of a real seawater environment, in agreement with recent literature trends. Within this framework, our results are encouraging: fouling was controlled by air bubbles' presence and corrosion current densities were two orders of magnitude lower than the control.
Further research should aim to determine whether the limits of the SH coating technology are compatible with limits imposed by applications in real seawater; coherently, time windows greater than months, full biological pressure, and different hydrodynamic conditions would still be determinant. 
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Nomenclature
E corr free corrosion potential E pit free corrosion potential E pit pitting potential E int interruption potential R = E pit − E corr pitting resistance (or sensitivity) i pass passivity current Ref.
reference electrode Appendix A Table A1 . Supporting information for Figure 6 .
Bubble Diameters on the Samples
Control SHS 15% about 0.4 cm 30% about 0.9 cm 85% < 0.2 cm 20% about 0.5 cm 50% < 0.3 cm
